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OBJECTIVES: To exploit rheological and multiple-light scattering
techniques, and ultimately microgravity conditions, in order to quantify
and elucidate the unusual elastic character of foams in terms of their
underlying microscopic structure and dynamics. Special interest is in
determining how this elastic character vanishes, i.e. how the foam melts
into a simple viscous liquid, as a function of both increasing liquid
content and shear strain rate.

DESCRIPTION: The unusual elastic character of foams will be quantified
macroscopically by measurement of the shear stress as a function of static
shear strain, shear strain rate, and time following a step strain; such
data will be analyzed in terms of a yield stress, a static shear modulus,
and dynamical time scales. Microscopic information about bubble packing
and rearrangement dynamics, from which these macroscopic non-Newtonian
properties presumably arise, will be obtained non-invasively by novel
multiple-light scattering diagnostics such as diffusing-wave spectroscopy
(DWS). Quantitative trends with materials parameters, such as average
bubble size, and liquid content, will be sought in order to elucidate the
fundamental connection between the microscopic structure and dynamics and
the macroscopic rheology.

SIGNIFICANCE: The utility and fascination of foams are derived largely
from the surprising fact that they have a solid-like elastic character in
spite of being mostly gas with a few percent volume fraction of liquid, but
can nevertheless flow under shear. The physical origin of such unusual
rheology in terms of microscopic structure and dynamics is poorly
understood and remains a subject of basic scientific interest to
physicists, chemists, and chemical engineers. The proposed research
promises important new insight into these issues, and could also have
significant consequences for our understanding of flow in other dense
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randomly-packedsystemssuchasemulsions, colloidal suspensions, slurries,
bubbly liquids, and granular materials. Furthermore, all foam applications
are empirically based and the proposed research may generate valuable
fundamental guidance for the development of materials with more desirable
rheology and better stability.

PROGRESS DURING FY1996: During this period we have achieved important
goals in both using and developing the multiple light scattering
diagnostics. As for the techniques themselves, we have incorporated the
effects of refraction and angle-dependent wall reflectivity into our
previous diffusion theory prediction for the angular dependence of
diffusely transmitted light. And we have verified the result both by
random walk computer simulations and by experiments on known suspensions of
colloidal spheres and on aqueous foams. We have also developed two new
approaches to the theory of diffusing light spectroscopies in order to
significantly improve the accuracy with which data may be analyzed for thin
samples, for short times, and for cases of strong absorption and
anisotropic scattering. As for the physics of foams, we have fully
characterized an earlier puzzling observation of short-time nonexponential
dynamics in the diffusing-wave spectroscopy signal. By altering the rate
of bubble rearrangements, both by application of shear and by change of
ambient temperature, we have identified the origin of the short-time
dynamics as thermal fluctuations of the liquid-gas interfaces. By two
independent analyses we extract a single consistent amplitude for this
thermal motion, and can relate it to the macroscopic shear modulus of the
foam. These experiments and the new theories will all be important in
analyzing the multiple light scattering diagnostic data obtained in flight.
On a separate front we also have conducted further simulations of the
model of foam theology I recently introduced based on the approximation of
pairwise bubble-bubble interactions. This work gives theoretical insight
into the precise nature of how the unusual elastic character of foams melts
away with increasing liquid content. It will provide an important
benchmark for comparison with the ultimate flight experiments.
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